Light polarization effects on a holographic grating recording in a glassy chalcogenide a-As 40 S 15 Se 45 film has been experimentally studied and compared with previously studied glassy molecular azobenzene film 8a at 633, using − − , CE-1 and CE-2 circular-elliptic recording-beam polarizations (differing by light electric field rotation directions). The azocompound exhibited much higher self-diffraction efficiency (SDE) and diffraction efficiency, whereas chalcogenide was more sensitive. Their recording efficiency polarization dependences also were different. SDE up to 45% was achieved in 8a with − and up to 2.6% in a-As 40 S 15 Se 45 with CE-2 polarized recording beams. The polarization changes in the diffraction process were studied as well in these and other materials (11, 16, 19 and a-As 2 S 3 film, LiTaO 3 :Fe crystal). It was found that light polarization changes in the process of diffraction from gratings recorded vectorially by − polarizations depended on chemical composition, wavelength, and exposure time. Vector gratings with SDE up to 25% were recorded in 8a, rotating a linear polarization by 90°. No light polarization changes were found in azobenzene 19 and chalcogenide films and in LiTaO 3 :Fe crystal, thus showing a vector recording of scalar holograms. The recording mechanisms in azocompounds and chalcogenides are discussed and compared. 42.25.Ja, 42.25.Gy, 68.35.bj, 68.35.bm 
Introduction
Amorphous chalcogenides [1] and organic materials [2] are of growing interest for applications in holography, optical communications, and nonlinear optics. From the fundamental point of view, photoinduced processes in amor-phous materials are far from being fully understood. Polarization dependence of these processes is of practical and theoretical importance. In our previous studies we have investigated the effect of polarization on holographic recording in both classes of materials [3, 4] . The aim of this study was to widen the scope, comparing the effect of polarization on the holographic recording in studied azobenzene compounds [4] and chalcogenide films by the same method, emphasizing vector grating recording and to polarization changes in the process of diffraction. The studied azobenzene compounds (organic molecular glasses), as well as inorganic amorphous chalcogenide films, both belong to amorphous materials having a similar network structure, which can be changed by light. Therefore, it is of interest to compare both classes of these materials in order to get more information on recording mechanisms and parameters.
The effect of photoinduced structural changes (PSC) [5] is mainly used for holographic recording in amorphous chalcogenides, because the best results can be obtained in this case. However, the effects of relaxational structural changes (RSC), recharging of localized states, and photoinduced anisotropy (PA) can be used as well [6] [7] [8] . We use the term "photoinduced anisotropy" here in a wide sense to denote the effect of elliptical birefringence and dichroism induced by polarized light in an initially isotropic, photosensitive material. It includes not only photoinduced linear birefringence and dichroism but also photoinduced circular birefringence and dichroism (photoinduced gyrotropy). In the general case we have both.
In isotropic materials PA is most frequently based on photoinduced orientation of anisotropic molecules having dipole moments perpendicular to the electric field vector E of linearly polarized light, since the probabilities of the photoinduced quantum transitions are maximal in the E direction. Then linear dichroism and birefringence appear. Photoinduced gyrotropy is due to the creation or rearrangement of helical structures by circularly polarized light. If both effects take place, we have photoinduced elliptical dichroism and birefringence. It should be noted that under certain conditions, PA and photoinduced gyrotropy can be produced by light polarizations other than linear and circular, and even by unpolarized light [8] [9] [10] .
When two arbitrarily polarized light waves interfere they create a mixed, spatial light-field modulation, consisting of polarization modulation and intensity modulation. The polarization modulation enables vector hologram recording whereas, the intensity modulation enables scalar hologram recording.
The mechanisms of the photoinduced processes in azobenzene compounds in the red spectral range are still unclear [4, 5, 11, 12] . Recently we have found that quite efficient holographic recording is possible by a red He-Ne laser light in stilbene azobenzene derivatives, including surface relief grating (SRG) recording with a 226 nm thickness change [13] [14] [15] . The conclusion is, most probably, the azochromophore photodegradation mechanism was responsible for SRG recording, but other mechanisms can contribute as well, including trans-cis photoisomerization and chromophore photoorientation, accompanied by coordinated alignment of adjacent backbone segments and recharging of acceptor states. In this paper, we have continued experimental studies of the effect of recording-beam polarization in the case of a- 
Samples and experiments
Glassy azobenzene compounds and amorphous chalcogenide films have been experimentally studied.
Azobenzene molecular glasses were synthesized and characterized by our group [4, 15] .
They included
and
The trans form absorption maxima (λ max ) of these films were centered around 510, 507, 471, and 494 nm, respectively. Thin films of these glasses were spin-coated on glass substrates. Their thickness was in the 1.6-3 µm range. The sizes of the samples were about 7 × 7 cm 2 . We took one sample of each glass.
An a-As 40 S 15 Se 45 film of the same size, thermally evaporated onto the glass substrate with band gap wavelength λ = 636 nm and thickness = 2 5 µm (a-As-S-Se film) was also experimentally studied in comparison with azobenzene compound films. Also, the polarization changes in the process of vector diffraction were studied in an a-As 2 S 3 chalcogenide film [λ = 517 nm, = 13 µm (a-As-S film)] and in an LiTaO 3 :Fe ferroelectric crystal (0.10.mass % Fe 2 O 3 , λ = 400 nm, and = 3 75 mm). Chalcogenide samples were made in the Laboratory of Optical Recording, Institute of Solid State Physics, University of Latvia.
Holographic gratings with a period of 2 µm were recorded and read out either by a Melles Griot 25LH928-230 He-Ne gas laser (recording and readout wavelengths λ 1 = λ 2 = 632 8 nm ≈ 633 nm, and beam incidence angle 9.1°or by a KLASTECH DENICAFC 532-300 diode-pumped, solid-state laser (λ 1 = λ 2 = 532 nm, and beam incidence angle 7.6°, with two equally strong, unfocused beams (Fig. 1) . The lasers operated in CW mode.
The 1 e 2 beam diameters of these lasers were 1.47 and 1.80 mm, respectively. The recording light intensity (I) was 1.2-1.5 W/cm 2 . Thus holographic gratings were recorded at the long wavelength side of the trans form absorption peak. Linear − , − , − , and circular-elliptical (due to different λ 4 plates) CE-1 and CE-2 recording beam light polarizations were used. The circularly polarized beam had either a left or right rotation direction. The elliptic polarization had a ratio of axes 1:2. Our experiments (taking into account the recording efficiency) indicate that, most probably, CE-1 polarizations had the opposite rotation direction, but CE-2 had the same rotation direction. First-order self-diffraction efficiency SDE was continuously measured as the function of exposure time ( ) by an OPHIR Nova II or Laserstar power meter and stored in the PC memory. SDE is a ratio of a first-order diffracted beam power to the power of the more distant recording beam when both recording beams are present. The mathematical relation between SDE and diffraction efficiency DE [5] is described elsewhere [13] . Polarization of diffracted beams during and after the − recording with orthogonally polarized beams was studied by a polarizer to compare with the predictions of theory [10] . These experiments were carried out at both 633 and 532 nm. It was not the aim of these experiments to study the relaxation of gratings after recording. However, optional measurements have shown that the lifetime of gratings after the recording can exceed a year. All the experiments were performed at room temperature. tions. NF -neutral filters, SH -shutter, BS -beamsplitter, QWP -quarter-wave plate, HWP -half-wave plate, PBS -polarization beam splitter, GTP -Glan-Thompson prism, S -sample, P -polarizer, FD -photodetector, LPM -laser power meter, PC -personal computer. Position 1 -reflection SDE measurements , position 2 -simultaneous reflection and transmission SDE measurements (only transmission SDE measurements were performed in this study). In the case of other recording beam polarizations the corresponding half-wave plates or quarter-wave plates in the beams P 1 and P 2 before the sample were either inserted or removed.
Results and discussion
The results of holographic measurements are presented in Figs. 2-6 and Tables 1-3. Table 1 is taken from our paper [4] for comparison with the a-As-S-Se film. In contrast to azocompounds [4] , all the SDE exposure time dependences for the a-As-Se film have distinct maxima and recording proceeded faster. It should be noted that a bleaching of azocompound films was observed in the recording process. Presumably, this is caused by N-N bond breaking in azochromophores, with subsequent azochromophore photodegradation [4] . On the contrary, photodarkening of chalcogenide films due to PSC [5] took place. No transmission changes of LiTaO 3 crystal were observed. One can see from Tables 1 and 2 that SDE and DE values, as a rule, are much higher for the azocompound 8a than for a-As-S-Se, whereas the latter has much lower recording energies. When efficiency of different recording beam polarizations is compared, one can see from Table 1 that − polarizations of the recording beams are the most efficient in 8a films. In contrast, CE-2 polarizations were the most efficient in the case of a-As-S-Se film (Table 2) . One can expect certain polarization changes of the beams diffracted in the first order by a vector holographic grating, recorded with − polarizations in a linearly photoanisotropic medium, that is, the 90°linear polarization rotation and no polarization changes in even diffraction orders. This follows from both thin and thick polarization grating theory [10] . The actual results in our samples are presented in Table 3 . Vector holographic gratings with SDE up to 25% and DE up to 11.9% were recorded in samples 8a and 11 at 633 nm. The following features have been found. First, the very existence of polarization changes in the process of diffraction depends on the sample's chemical composition and recording wavelength. Thus polarization changes took place in samples 8a and 11 at 633 nm and in sample 16 at 532 nm in the first diffraction orders but (according to theory) did not take place in the zeroth and the second diffraction orders, both with two-and one-readout beams. No polarization changes were observed in samples 8a, 19, a-As 2 S 3 and LiTaO 3 :Fe at 532 nm, and in sample a-As-S-Se at 633 nm. Second, the polarization changes in the same sample depended on exposure time (again, see Table 3 ). Thus in sample 8a at 633 nm the linear polarization rotation by 90°was observed after 60 seconds of exposure, and the formation of elliptically polarized diffracted beams was observed after 60 minutes. The ellipticity was 6.6 in the +1st order, and the ellipse was turned by about 8°clockwise with respect to the linearly polarized beam. The different ellipticity of 1.2 without rotation was observed in the -1st diffraction order.
The marked polarization dependence of holographic recording in the samples and polarization changes in the process of diffraction show that azobenzene molecular glasses, generally speaking, become anisotropic and gyrotropic under the influence of polarized light. The absence of polarization changes at 532 nm − recording, together with a strong photobleaching, can be explained by an azochromophore photodegradation, due to polarization-selective, N-N bond breaking by light [11] together with trans-cis photoisomerization. This conclusion is confirmed by the fact that the only azocompound 16 that has exhibited PA (most probably due to trans-cis photoisomerization) and polarization rotation at 532 nm has the furthest λ max = 471 nm from 532 nm. As seen from Table 1  and from Table 3 elsewhere [4] , − and − polarizations are the most efficient in azocompounds at 633 nm. This is evidence of the dominating role of the photoorientationrecording mechanism of chromophores or their parts. In our opinion, the pronounced recording-efficiency polarization dependence as seen from Table 1 in this paper and  from Tables 2-4 in [4] is the indication of red-light induced trans-cis photoisomerization in azocompounds.
The most efficient CE-2 polarizations in a-As-S-Se films were surprising to us because chalcogenides are known to have linear D-centers that can be reoriented by a linearly polarized light [3] in the same way as chromophores in azocompounds. Thus again the most efficient − and − polarizations could be expected. The optimal CE-2 polarizations, in our opinion, mean that more complex photoinduced processes, including rearrangement of As-chalcogen helical structures [16] , can dominate at 633 nm in a-As-S-Se films at appropriate (CE-2) polarization. Scalar-grating vectorial recording in chalcogenides by − polarizations can be explained by PA or polarization-selective As-As bond breaking in PSC [1, 3, 5, 6] . Photoinduced rearrangement of helical structures and polarization selective As-As bond breaking could be new features of PSC. However, further studies of recording mechanisms in a-As-S-Se films are needed.
The LiTaO 3 :Fe crystal is linearly anisotropic [5] , therefore scalar-grating vectorial recording , obviously, is due to a nonzero 13 electro-optic tensor component and the photorefractive effect [5] .
Conclusions
The effect of recording light polarization on the holographic grating recording efficiency is experimentally studied in a chalcogenide a-As 40 S 15 Se 45 film and compared with the previously obtained results for our best azobenzene molecular glassy film 8a [4] at 633 nm. SDE up to 45% was achieved in sample 8a with − polarizations, whereas in the case of chalcogenide film CE-2 po-larizations, were the best with SDE max = 2 57%. Chalcogenide film had lower SDE but higher sensitivity than azobenzene films. 
